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PURPOSE OF TRE EXPERIMENTS. 


When wood is impregnated. with preservatives some species are 
more easily penetrated than others, so that for proper treatment the 
species should be grouped according to their relative resistance to 
injection. Otherwise, part of a cylinder charge might receive a. 
heavy treatment and another part a very light one. As wood struc- 
ture is the most important factor in the grouping of woods for treat- 
ment, the Forest Service has made a study to determine its influence 
upon penetration with creosote. Such factors as the amount and 
location of sapwoed, the moisture content, and the like, encountered 
in the commercial treatment of wood, also have an important bearing 


Notre.—Acknowledgment is made to Miss Eloise Gerry, microscopist, Forest Products 
Laboratory, for the portions of this bulletin describing the structure of the broad-leaved 
itees, and for assistance in examining the specimens after treatment. Acknowledgment is 
also made to Mr. HF. F. Angier, superintendent timber preservation, Baltimore & Ohio 
Railroad Co.; Dr. Irving W. Bailey, Harvard University; Mr. John Foley, forester, 
Pennsylvania Railroad Co.; Dr. Kendrick W. Hatt, professor of civil engineering, Purdue 
University ; Mr. A. R. Joyce, of the Joyce-Watkins Co.; Mr. V. K. Hendricks, assistant 
chief engineer, and Mr. O. C. Steinmeyer, supervisor of timber preservation, St. Louis 
& San Francisco Railroad; and Mr. J. H. Waterman, superintendent timber preservation, 
Chicago, Burlington & Quincy Railroad, for their generous assistance in reviewing the 
bulletin. 
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oli penetration, but were purposely eliminated from this study in 
order that the variables introduced by the structure of the wood 


could be studied independently. This point should be kept in mind 


when applying the results to the treatment of wood in commercial — 


plants. 

The experiments were made at the Forest Products Laboratory, 
maintained by the Forest Service, United States Department of 
Agriculture, in cooperation with the University of Wisconsin. The 
results should assist in establishing a basis for the grouping of 
species to secure the best treatment and the most efficient use of the 
preservative. 

This bulletin is a study of the resistance to injection with creosote 
ef some of the more important hardwood species native to this 
country. A similar study on coniferous woods was published in 
Bulletin 101 of the Department of Agriculture. 


STRUCTURE OF THE HARDWOODS. 


The term ‘“ hardwoods” as here used means those trees which have 
comparatively broad leaves and do not bear cones. The hardwoods 


t 


(Angiosperms) differ in structure from the softwoods or conifers? 


(Gymnosperms) chiefly in the possession of pores or vessels” 


(tracheae). For this reason the conifers are frequently called non- 


porous woods and the hardwoods either diffuse-porous or ring-_ 
porous, according to the arrangement of the pores or vessels in the © 
annual ring. The different varieties of specialized cells and fibers © 


and the arrangement of the cells in less uniform rows make the struc- 


ture of the hardwoods much more complex than that of the conifers. 


GROSS STRUCTURE. 


| 


Sapwood and heartwood—The lighter-colored layer of wood on ~ 


the outer circumference of the tree contains the living cells, and is 
known as the sapwood. In some species, such as aspen, the difference 
in color between sapwood and heartwood is hardly noticeable. As 
trees grow older the cell walls tend to become more and more in- 
filtrated with various substances, which are often responsible for the 


color of the heartwood. During the change from sapwood to heart- — 


7 | 


wood alterations sometimes occur in the pores, which, asa result, have © 


/ 


a tendency in most species to become clogged or closed up. 

Annual rings.—Each year the tree adds a fresh layer of wood sub- 
stance under the bark around its circumference. These layers are 
called annual rings. The part which is formed early in the year is 
called springwood; that which grows later in the season, summer- 


1For a description of the wood of the conifers see Bulletin 101 of the Department of 
Agriculture. 
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wood. These rings are more or less conspicuous in the hardwoods of 
temperate regions, especially in those of the ring-porous group. In 
general, the springwood is more open and has fewer thick-walled 
cells than the summerwood. 

Medullary rays.—The medullary rays (silver grain) which extend 
| like the spokes in a wheel from the bark toward the pith at the cen- 
| ter of the tree, are very conspicuous in some hardwoods, such as oak, 
beech, and sycamore. 


MICROSCOPIC STRUCTURE. 


The microscopic structure of the hardwoods is illustrated by Plates 
el LT and TV. 

Plate I is a photograph, taken through the microscope, of a section 
of maple. This wood belongs to the diffuse-porous group of hard- 
woods, which is so called because the pores or vessels (V) are scat- 
tered with considerable uniformity throughout the annual ring 
(AR). In this group the pores in the springwood (SP) are gener- 
ally but little larger than those in the summerwood (SW). 

Plate IT shows red oak, an example of ring-porous wood. In the 
springwood of this species there is a noticeable group of large pores. 
When seen on the cross-section of a log these make conspicuous con- 
centric rings around the pith. In this wood the pores are not dis- 
tributed uniformly through the annual ring and there is a very con- 
siderable difference in the sizes of those in the springwood and the 
summerwood. The springwood pores in a ring-porous wood are 
usually considerably larger than the corresponding pores in a difiuse- 
porous wood. 

Although these two species are typical of the two groups, yet in 
each group it is possible to find variations from the types of structure 
shown. Some diffuse-porous woods, for example, are more porous 
than maple; that is, they have more pores per square inch in propor- 
tion to the number of fibers and the like than others do. Some of the 
| ring-porous woods have the large springwood vessels blocked with 
cell-like growths called tylosest (T, Plate IV). These are visible 
to the naked eye as glistening fragments in the pores of such woods 
as white oak or hickory. Tyloses are also present in the diffuse-por- 
ous woods, although somewhat less abundantly and uniformly de- 
veloped. They occur in the vessels which are not active in the trans- 
fer of sap; therefore, they are most numerous and completely de- 

veloped in the older sapwood and the heartwood. 

Medullary rays —The medullary rays (MR) are generally rather 
conspicuous in the hardwoods, although in woods like aspen and 


1“ Tyloses: Their occurrence and practical significance in some American woods,” 
Journal of Agricultural Research, Vol. i, March, 1914, 
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willow they are narrow as compared with those in sycamore, beech, 


and oak. 
Wood prosenchyma (Wood fibers, etc.) —Wood prosenchyma, (in- 
dicated by “ X ” in the plates, consists of thick-walled elongated cells 


in the form of fibers or of spindle-shaped cells with pointed, inter- — 


3 


locking ends. These specialized cells give the mechanical strength re- | 


quired in the tree. In the softwoods the fibers, or tracheids, serve 
both for the conduction of liquids and for mechanical support. In 
the hardwoods, however, these two functions are separated. The 
pores or vessels act as a specialized conducting tissue, and the wood 
prosenchyma, though it shares in sap conduction to a small degree, 
acts chiefly as mechanical support. 


METHODS USED IN THE EXPERIMENTS. 


The presence of large vessels, the extent to which these are blocked 
by tyloses and gums, and the presence of other infiltrating substances 
in the cell ‘walls are known to be important factors in the impregna- 
tions of hardwcods with creosote. A very careful study was, there- 
fore, made of these factors. 

The resistance of the wood to treatment was studied in two kinds 
of tests: (1) Applying the creosote to a small area on a specimen and 
measuring the penetration in different directions, and (2) impreg- 
nation in a treating cylinder, blocks from each of the species being 
treated together in the same run. After treatment the specimens were 
examined under the microscope to determine the influence of the wood 
structure on penetration. 


APPARATUS. 


The penetrance apparatus in which the first series of tests was made 
is illustrated in figure 1. A hole three-fourths of an inch deep was 
bored in one face of the test specimen and the piece then clamped 
with the hole directly over the open end of pipe A, which led to the 
bottom of pressure tank B. The pipe and the lower portion of the 
tank were filled with creosote. Pressure was obtained by means of 
compressed air admitted through pipe C. A pressure regulator, K, 
was used to maintain a uniform pressure during the test. The ap- 
paratus was inclosed in a wooden oven having double glass windows 
in the front and back. Steam coils, J, heated the specimens and 
preservative to a constant temperature, which duplicated as nearly as 
possible the temperature conditions of a treating cylinder. Pres- 
sure and temperature were measured by gauge G and thermometer 
H. The specimens were placed on shelves in the apparatus and 
heated to a uniform temperature before testing. By the use of the 
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SP, springwood; SW,summerwood; MR, medullary ray; V, pores or vessels; X, wood pros- 
enchyma (fibers, etc.); J’, tyloses. 
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Apparatus for making penetrance tests. 


Kies 1: 
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mirror D, placed at the back of the oven, it was possible to observe 
both ends of the specimen during the test. 
The impregnation tests were made in a cylinder 14 feet in diameter 


and 4 feet long. Temperature and pressure were controlled by means. 


of steam coils and a pressure pump. The specimens were separated 
from each other during treatment, so that all parts of the wood were 
in contact with the preservative. 


MATERIALS USED. 


CREOSOTE. 


The creosote used was a coal-tar product with a specific gravity of 
1.071 at 140° F. (60° C.) and a viscosity, determined by the Engler 
viscosimeter, of 1.2 at 160° F. (71° C.). The distillation’ was as 
follows: 


Temperature. Distil- 
lation. 

Se Ga Per cent. 

C2205. ee eee ase 32 
7 aaa ia 35 pl one a eer PTT 
ZED DAS Foe Se TE aud 
Fi yf a ees eee gee 
218-a00 6 0 ees 2 ae 1 
SOS—dOUe -- ne Ae 27.6 
Residue. .....2.5- 20. 9 
foes eared eee a) 
Totals 100. 0 


The creosote was obtained by distilling a by-product coke oven 
tar (Semet Solvay) to a very hard pitch. The indices of refraction 
at 60° C. and sulphonation tests are rather low for a pure coal-tar 
creosote, probably because the tar was produced in comparatively 
low-temperature ovens. The residue was a soft, sticky pitch, indi- 
cating the presence of a small amount of undistilled tar (probably 
less than 5 per cent). 

WOOD. 


The wood used in the experiments was selected from 25 species 
of hardwoods. In order to make the results comparable, all of the 
specimens for the different experiments on a given species were 
taken from the same log and matched as closely as possible. Most 
of the specimens used in the tests were heartwood, as sapwood speci- 
mens of sufficient size were available from only four of the species 
used. 


1 For method of analyses see Forest Service Circular 188, p. 36. 
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RESISTANCE OF HARDWOODS TO CREOSOTE. ( 


Three pieces of heartwood were selected from each species for the 
penetrance tests. Similarly, three specimens of sapwood were used 
of those species from which sapwood was available. The pieces 
were approximately 23 inches by 1} inches by 48 inches. Each 
specimen was surfaced on 4 sides, apa a hole ? of an inch deep bored 
in the center of a 24 inch by 48 inch face. All specimens were first 
thoroughly air-seasoned, and then dried for 48 hours at a tempera- 
ture of 150° F. before treatment. The oven-dry weight and moisture 
content were determined at the time of treatment. 

Specimens used m the impregnation tests were cut approximately 
24 inches by 14 inches by 24 inches. Seven selected specimens of 
heartwood from each species were treated. The same number of 
sapwood pieces: of the species from which sapwood could be débtained 
were also treated. 

The following species were tested: 


eae Locality from which 

Common name. | Botanical name. pec: 
Ashpwteene 2 225. oe | Fraxinus lanceolata Borkh. Missouri. 
Aish: swihite= see. So Fraxinus americana L - New York. 
Aspen, largetooth ...-..- | Populus grandidentata Michx .| Wisconsin. 
Basswood... -2.....-....| dhaamercana L.......- Do. 
ecco te eine = ees | Fagusatr opunicea( Marsh. )Lud. Pennsylvania. 
Birch, river (@ed)=.224..-| Betula nigra: tas =42005.0 eo: (2) 
Birch, Sweeb ses. o 53 | Betule dlenia We? es.) =e -. - Pennsylvania. 
Bireh, yeltowse2 022.22: Betula lutea Michx. f. Do. 
Cherry, wild red........-. Prunus pennsylvanica L.....- Tennessee. 
Chests asec koe | Castanea dentata(Marsh.)Borkh. Do. 
Bim, corleor rock= 3: .-&. . Ulmus racemosa Thomas..... Pennsylvania. 
Bim slippery nse. - . Ulmus pubescens Walt.....-- Wisconsin. 
Plt wie e 2-5)... --|. Olmus-amereang dr... -2-... -- Pennsylvania. 
Grin red 2 ee Tiquidambar styraciflua L..... | Missouri. 
Gum, tupelo......- Nussa. Spee es .. - .| ogistanak 
Hackberhy si 5. - = Se Celtis occidentalis L...........| Wisconsin. 
Hickory, mockernut. . . .. Hicoria alba (L.) Britt......--! 2 
Maple, stlhverss3-: : 25 Acer saccharium LL. .....-.-| Wisconsin. 
Maple siear = a2. =. 2: Acer saccharum Mgrs en Pennsylvania. 
Opie syiit San ra ee. es Quercus macrocarpa Michx ...| Wisconsin. 
Oak, chestnut...--. Esl CRILOL GIES <PUUNIES Wnts, Sic Sele aie Tennessee. 
Obi rede ese ake 5. Qher Cues FUUNE esa. eas we 5 Pennsylvania. 
Oak, whtteis.2. 22... ----- Oiercus, eas. eon Arkansas. 
SyGaiM Ofes ean Se. Platanus occidentalis L...---- Tennessee. 
Witlow-selactoa sss 2-23) Salis nigra: Marsh... 2... 25. - Wisconsin. 


1 Red and white heart beech are botanically the same species. 


2, Obtained by purchase in the market. 


Locality of growth not known. 


METHOD OF APPLYING THE CREOSOTE. 


PENETRANCE TESTS. 


In the penetrance tests a pressure of 120 pounds per square inch 


and a temperature of from 175° 


to 180° F. were employed. Read- 


ings of temperature and pressure were made every 15 minutes, and 
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the time was recorded at which the preservative first penetrated 


a surface. The periods of treatment were one-half hour, one hour, 


and two hours, respectively, for the three pieces from each species. 

After treatment the specimens were sawed longitudinally and 
transversely along the center lines. (Fig. 2.) Immediately after 
sawing, the fresh surface was painted with water glass (sodium 
silicate solution) to prevent the creosote from staining the untreated 
surface. The longitudinal penetrations were measured on the sur- 
face obtained by sawing the specimens through the longitudinal 
center line. The average was obtained by measuring the area of the 
treated zone on this surface and dividing by the width of the pene- 
tration, The maximum and average radial and tangential penetra- 


Fic. 2.—The general shape of the test pieces treated in the penetrance apparatus. 


tions were measured with a steel scale on the surface obtained by 
sawing the specimens transversely through the center line. These 
lines are indicated in figure 2; and Plates V to XII show specimens 
after being sawed. Radial and longitudinal penetrations were 
measured to the nearest 0.01 inch. 

Photographs were taken of each specimen after treatment. 


IMPREGNATIOCN TESTS. 


The impregnation tests comprised a series of seven treatments in 
which the pressure was varied and other conditions kept as nearly 
constant as possible. Each treatment was made on a heartwood 
specimen from each species. A sapwood specimen was also included 
from species having both sapwood and heartwood available. 

The conditions of treatment are shown in Table 1. 


TABLE 1—The pressure, period, and temperature at which treatments 
were made. 


| = Gite et 
: + f ressure ture o 
Run No. Pressure. period. preserva- 
| tive. 
| 
| Pounds per 
| square inch. | Hours. a oe 
Beet eine ee hiachys waco e scans cewecin. sl outs eee Atmospheric. | 1 180-185 
TION Op 6 the ee Aa iniete eee oe See ER Oe. VET ee eee 25 | 1 180-185 
5 Siebel eS MCRL RTE ECAR SEE Ane e/a SE oh OE 50 1 180-185 
Nc hee DN ile DERE eee: CREM BE! eee RT 22 | 75 1 180-185 
ote Opie ett crac Saoe Piece ei eee ob ale Sek as ee re 100 1 180-185 
Bee ee: SPR io hee 2 Co ea 125 1 | 180-185 
Bae nw ae oe ae eh et a is Loe ieee. oe 150 1 | 180-185 
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PENETRATION iN WHITE ASH—HEARTWOOD (FRAXINUS LANCEOLATA). 


1, piece No. 66 treated 30 minutes; 2, piece No. 67 treated 60 minutes; 3, piece No. 68 treated 120 
minutes, The thin-walled tyloses allowed the creosote to penetrate the vessels to some extent 
in addition to the penetration obtained in the wood prosenchyma. Spots on the untreated 
areas are points to which the creosote penetrated through the vessels. 


PLATE VI. 


a a AO iOS I. 


= 


PENETRATION IN BASSWOOD—HEARTWOOD (TILIA AMERICANA). 


1, piece No. 39 treated 30 minutes; 2, piece No. 40 treated 60 minutes; 3, piece No. 41 treated 
120 minutes. Note the penetration of creosote in the summerwood first, in the piece on the 
Jeft. Penetration took place readily in the summerwood because the wood prosenchyma is 

easily treated in this species, 
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PENETRATION IN WHITE-HEART BEECH—HEARTWOOD (FAGUS ATROPUNICEA). 


1, piece No. 86 treated 30 minutes; 2, piece No. 87 treated 60 minutes; 3, piece No. 88 treated 120 
minutes. Compare the penetration of white-heart beech with that of red-heart beach, Plate XII. 
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PENETRATION IN HICKORY HEARTWOOD (HICORIA ALBA). 


1, piece No. 69 treated 30 minutes; 2, piece No. 70 treated 60 minutes; 3, piece No. 71 treated 120 
minutes. Note the uniform penetration in wood even at a considerable distance from the part 
where creosote was applied. 
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PENETRATION IN RED GUM—HEARTWOOD. 


1, treated 30 minutes; 2, treated 60 minutes; 3, treated 120 minutes. The numerous tyloses and 
the infiltrating substances in the cell walls greatly retarded penetration. 
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PENETRATION IN LARGETOOTH ASPEN—HEARTWOOD (POPULUS GRANDIDENTATA). 


1, piece No. 45 treated 30 minutes; 2, piece No. 46 treated 60 minutes; 3, piece No. 47 treated 120 
minutes. Largetooth aspen showed very erratic penetration, which is well illustrated in the 
three specimens shown, 


PLATE XI. 
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PENETRATION IN WHITE OAK—HEARTWOOD (QUERCUS ALBA) 


piece No. 79 treated 


; 3, 


, piece No. 78 treated 60 minutes 
120 minutes. 


2 


. 
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» piece No. 77 treated 30 minutes 


1 
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PENETRATION IN RED-HEART BEECH (FAGUS ATROPUNICEA). 


1, piece No. 89 treated 30 minutes; 2, piece No. 90 treated 60 minutes; 3, piece No. 91 treated 


120 minutes. Compare the penetration in this wood with that shown in Plate VII, show- 
ing the penetration in white-heart beech. 
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FACTORS AFFECTING PENETRATION. 


The penetrability of woed is greatly influenced by many factors 
not studied in these tests. Trees of the same species grown in differ- 
ent localities may differ greatly in their properties, hence the natural 
variability of the wood may largely influence penetration. The char- 
acter of the penetration is an important factor. So also is the mois- 
ture content of the wood. Timber which has just been cut and which 
is, therefore, in the green condition is, as a rule, very much more 
resistant to treatment than that which has had the moisture removed. 
The method of seasoning the timber may also have an important 
bearing on the resulting penetration and absorption of preservative. 
Thus, wood which has been air seasoned may give quite different 
results from that which has been artificially seasoned either by steam- 
ing, boiling in oil, or by other processes. 

In order to eliminate, so far as possible, variations arising from 
differences in moisture, the specimens used in the tests were dried 
to a low moisture content, although it is recognized that this is not 
done in commercia! work where the methods of seasoning may vary 
greatly with different species of wood. Furthermore, sapwood and 
heartwood specimens were treated separately, although in commer- 
cial work timber under treatment may contain both heartwood and 
sapwood in widely varying proportions. 

It was not within the scope of this work to study each species 
separately under the conditions most suitable for its treatment. The 
study was confined to one tree of each species._ The trees were 
selected to be as nearly representative as possible, and all specimens 
used were closely matched. Since identical treatments were given to 
each species, it 1s possible to compare the penetrations and absorp- 
tions in the various species when tested under the same conditions. 


BFFECT OF STRUCTURE ON PENETRANCE. 
PORES OR VESSELS. 


The pores or vessels, which serve to furnish a channel for the 
passage of sap from the roots of the tree to the leaves, are a very 
important factor in penetration with wood preservatives, especially 
when they are open passages through the wood. 

1. Pores open.—in red oak, Plates II and II, the pores or vessels 
(V) are open passages. It is even possible to blow air through sticks 
of red oak several feet long. In a diffuse-porous wocd they are more 
numerous but of smaller diameter. When the pores are open as in 
red oak or basswood, they are the main factor in the initial pene- 
trance of the wood. 
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2. Pores closed by tyloses or gums.—When the pores or vessels are 
closed with tyloses, as in the post oak,t Plate IV, or with gummy 
substances, the relations are more complicated. Tyloses, if strongly 
developed, grow together and practically fill the vessel cavities, thus 
stopping the penetration through these elements. Creosote may be 
absorbed and stain the walls for a very short distance, but the main 
lines for liquid transfer are blocked. Various effects are produced 
by tyloses and gums according as these are more or less developed in 
different species. If the tyloses which grow out from different points — 
on the walls of the pores or vessels do not meet and grow together, cr 
if they are weak and readily broken down, they do not effectively 
check penetrance, as, for example, in chestnut and green ash. If they 
do not occur in all the vessels but only here and there, as in some 
diffuse-porous woods, their effect is, in general, proportional to their 
occurrence. 


ARRANGEMENT OF THE PORES—RING-POROUS AND DIFFUSE-POROUS WOODS. 


A much greater variation in penetration was found in the diffuse- 
porous than in the ring-porous species. In diffuse-porous woods 
tyloses were not so uniformly distributed, which resulted in erratic 
or irregular penetrations. Diffuse-porous woods also showed consid- 
erable variation, due to gums, infiltrating substances, and cross- 
grained structure. Examples of species exhibiting these variable 
characteristics are silver maple, sycamore, sugar maple, largetooth 
aspen, and red gum. 


WOOD PROSENCHYMA (FIBERS AND TRACHEIDS). 


When the pores or vessels of a wood are closed by tyloses or gums, 
penetration of the wood prosenchyma may become of primary im- 
portance. The cells of this tissue have closed ends. Liquids in pass- 
ing from cell to cell must then filter through the wall itself or through 
the thin places or pits in the cell wall. The pits are poorly developed 
or practically lacking in some hardwood prosenchyma. It is there- 
fore apparent that penetrance in this tissue can not take place so 
-apidly nor extend so easily for long distances as it can in the pores 
or vessels. (In Plates I, II, III, and IV this tissue is indicated by 
“'X.”) Nevertheless, the wood prosenchyma is of considerable im- 
portance in relation to the penetrance and absorption obtained for 
certain woods. Hickory is a particularly good example of a wood 
where penetrance takes place chiefly in the wood prosenchyma. 


THE MEDULLARY RAYS AND WOOD PARENCHYMA. 


The medullary rays and other parenchyma cells appeared to be of 
little practical importance in the penetration of the hardwoods with 


i This species is similar in structure to white oak. 
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creosote. In oak, hickory, and sycamore, for example, the rays were 
conspicuous because of their resistance to penetration in marked con- 
trast to the surrounding treated tissue. 


SPRINGWOOD AND SUMMERWCOD. 


In the hardwoods the effect of springwood or summerwood on 
treatment was not so important as the effect of the peculiarities of 
the different types of structure and the arrangement of the elements, 
such as vessels, fibers, rays, etc. In very heavy treatments the creo- 
sote not only passed through the cavities or lumena of the cells in both 
spring and summer wood, but sometimes penetrated the walls. 


CONDITION OF GRAIN. 


More or less difficulty was experienced in treating the woods in 
which the fibers were interlaced or cross-grained. 


DENSITY. 


The ease or diiliculty of securing a satisfactory penetration does not 
appear to depend upon the density. Woods having high specific 
gravities were sometimes treated with greater ease than species of 
much lower specific gravity, and vice versa. 


RADIAL, TANGENTIAL, AND LONGITUDINAL PENETRATION. 


In most of the species tested the radial and tangential penetrations 
were very much less than the longitudinal penetration. In general, 
the species that were difficult to treat showed less difference than those 
which were easy to treat. 


GROUPING OF SPECIES. 


GROUPING WiTH RESPECT TO. PENETRATIONS AND ABSORPTIONS. 


Table 2 (see Appendix) gives the average longitudinal and radial 
penetrations obtained in the penetrance tests, and the average ab- 
sorptions of the specimens treated in the cylinder. In this table 
and in the diagram, figure 3, the species are arranged in order of 
increasing absorptions in the impregnation test. In figure 3 are also 
shown the corresponding average longitudinal and radial penetra- 
tions. While the longitudinal penetrations shew a general tendency 
to increase as the absorptions increase, there is nevertheless a con- 
siderable variation. The radial penetrations were very small in 
most of the weods treated and do not seem to bear an important 
relation to the absorptions. In some cases it is possible that the 
longitudinal penetrations would have shown a closer relation to the 
absorptions if the average had been based on the same number of 
specimens in both series of tests. The penetrations represent the 
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average of three specimens of each species treated in the penetrance 
apparatus, and the absorptions are the average of seven specimens 
treated in the cylinder. However, a close relation between penetra- 
tion and absorption could not be expected in many of the species. 
For example, species such as red oak and chestnut oak have large 
open pores or vessels which allow the preservative to pass easily 
from one end of the stick to the other. The wood prosenchyma of 
these species is very difficult to penetrate and treatment results 
mainly in coating the vessel walls with the preservative and not in 
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a complete impregnation of the wood substance. Slippery elm has 
large open vessels similar to those of red oak and chestnut oak, but 
in this case the wood prosenchyma readily absorbs the preservative. 
Jt was therefore possible to secure both a complete penetration and a 
fairly heavy absorption in this wood. In hickory, the large vessels 
are almost completely closed by tyloses, but a fairly good penetration 
was obtained on account of the comparative ease with which the wood 
prosenchyma absorbed creosote. Species in which the tyloses are 
more or less irregularly distributed, such as black willow and large- 
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tooth aspen, naturally show less uniformity in the relation between 
penetration and absorption. A more constant relation between these 
factors is evident in species, such as basswood and tupelo gum, which 
take treatment both in vessels and in the wood. substance. 

Detailed results of the tests and data on each species are given in 
the Appendix. | 


GROUPING OCF HARDWOODS FOR TREATMENT. 


A classification cf the species studied in this investigation into 
three groups according to the ease or difficulty of penetration has 
been attempted. This classification is based on the results obtained 
in the penetrance and cylinder tests and upon the structural char- 
acteristics as determined by a microscopic examination, and is in- 
tended only as an aid in the commercial grouping of such woods for 
treatment. The heartwood and sapweod are here considered sepa- 
rately, but in commercial treating plant operations the same stick 
often contains both; so the groups which are given may not be the 
ones which must be used in practice. For example, tupelo gum and 
red oak ties, both classed as easily treatable species, are not grouped 
together during treatment because the tupelo gum usually contains 
more sapwood. . , 

Any grouping of species for preservative treatment must be a some- 
what arbitrary classification. It is difficult te determine where the 
line should be drawn separating species of one group from those of 
another. However, when the classifications are taken as a whole 
there is a very distinct difference in the ease or difficulty with which 
the species of one group took treatment as compared with those of 
another group. Furthermore, the results obtained in the penetrance 
and absorption experiments correspond quite well in most cases with 
what would be expected-from the structure of the various species. 
The grouping effected may be useful in giving an idea of what to 
expect of species unfamilar to the reader, in comparison with species 
with which he is familiar. 


GROWS: 
(Woods which treated easily in the tests.) 


Ring-porous woods: 
Tyloses generally lacking— 


Seni Clinger See Pee oe ee Ulnus pubescens, heartwood. 
EU oleae) oh eee ae ae Te es A Quercus rubra, heartwood. 
@iresraud Odke ss  E e Quercus prinus, heartwood. 
Tyloses scatteringly developed or thin walled— 

NYDN eet? US da ear Sean ae ey (pi eaelin se S e ecg Frazvinus americana, heartwood. 
SECGIN AS Ly ee neta oe ene Cae ee Fraxinus tanceolaia, heartwood. 
ALES GL ssa oie col se Oe hee Ree Ulmus emericana, heartwood. 
IGeCKDCLTY 22 sate Ruan aie see re a Celtis occidentalis, sapwood. 
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Diffuse-porous woods: 
Tyloses generally lacking— 


AVUNeLO oun sen ae ee Nyssa sp., sapwood. 

iat reds Cherny: See eee Prunus pennrsylwanica, heartwood. 

EDD ELO py Sass ee ee ee Nyssa sp., heartwood. 

RASS WOO esse he ee ee eee Tilia americana, heartwood. 

Silver maple. coer i oe ey Acer saccharinuin, sapwood. 
Tyloses scatteringly developed— 

1 Be Mee 00 Veep se nc iia as Sa a Liquidambar styraciflua, sapwood. 
Tyloses not present— 

Yellow. Direc: 222! 23 ae es Betula lutea, heartwood. 

Biweel DINCh Cie 5 2 tess ee ee eens Betula lenta, heartwood. 

Redebineh sn pe ee eee Betula nigra, heartwood. 

White-heart beech] 22226 2 eee Fagus atropunicea, heartwood. 

GROUP II. 


(Woods which were moderately difficult to treat in the tests.) 


Ring-porous woods: 
Tyloses present 


Mockernutce, Inicio ys ees see ate ee Hicoria alba, heartwood. 
PACKER TE ae ee Celtis occidentalis, heartwood. 
TRO GK. wel es5t HE a heoe eae eee ee Ulnus racemosa, heartwood. 
CH Vek aia eb A eet eu Me ee Sa rls OI ne Castanea dentata, heartwood. 


Diffuse-porous woods: 
Tyloses present— 


Blmele 7 wali oy ten ee ee ee Salix nigra, heartwood. 

Hancetooth: (ASW eee ps 2a alae eras Populus grandidentata, heartwood. 

Sycamore_________________..__.__Platanus occidentalis, heartwood. 
Tyloses not present— 

Sugar Maples. Mae ee aeons eae Acer saccharum, heartwood. 

Silver nag ple taba ad See Sees Acer saccharinum, heartwood. 


GROUP ITi. 
(Woods which were very difficult to treat in the tests.) 


Ring-porous woods: 


Tyloses present— 
BUT Oa Kee is ees eae een eat Quercus macrocarpa, heartwoed. 
A YAVAl OW hi tame 6 2 1k Coates eypenipee ce Da, SUN Je ea Se NER Quercus alba, heartwood. 


Diffuse-porous woods: 
Tyloses present— 
Red-heart beech. 22 ee eee Fagus atropunicea, heartwood. 
Regs Sn ee ene: 8 a ei eae Liquidanbar styracifiua, heartwood. 
Group I.—AI\\ the specimens of Group I treated in the cylinder 
experiments were completely penetrated at 100 pounds pressure per 
square inch. An average absorption of more than 12 pounds per 
cubic foot was obtained in the cylinder treatment, and an average lon- 
gitudinal penetration of over 8 inches was obtained in the penetrance 
experiments, with the exception of two species, hackberry, which re- 
ceived slightly less than 12 pounds of oil, and sweet birch, which re- 
ceived only 3.85 inches of longitudinal penetration. The low longi- 
tudinal penetration in sweet birch was due to crooked grain, the oil 
1 Hickory might be placed in Group I, as it showed good penetrations. The reason for 
placing it in Group II was that the absorptions were not so heavy as those obtained in 
the species given in Group I. 
2 Black willow specimens treated in the cylinder showed good absorptions and pene- 
trations. Specimens treated in the penetrance apparatus did not show very extensive 
longitudinal penetration. ‘This species is put in Group II rather than in Group I, as it 


is known to respond to treatment in a manner similar to large-tooth aspen, which in 
many cases is quite yariable, partly on account of the irregular distribution of tyloses. 


-: PRN ICE: + ae - 
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coming out at the side of the specimens instead of passing through 
to the end. 

The pressure and time of treatment are not comparable to com- 
mercial treating-plant conditions because of the size and dry condi- 
tion of the specimens. 

The woods included in Group I were all comparatively free from 
tyloses and other obstructions in the vessels. Wood gums were pres- 
ent to only a slight extent; for example, in birch and maple. All of 
the species included in this group therefore treated very easily. Ex- 
amples of species which exhibit very clearly the characteristic open 
structure are red oak, chestnut oak, and slippery elm. The wood 
prosenchyma, or fibrous part of the wood substance, was also usually 
well treated in woods of this group. The medullary rays and other 
parenchyma cells received, as a rule, little treatment, although ex- 
ceptions were noted in woods like ash and birch where creosote also 
penetrated this part of the wood structure. 

While numerous tyloses were found in the ashes, their influence 
on penetration of these species was not so important as in most of 
the other species in which tyloses were present. This was dtie to 
the fact that the tyloses were not fully developed in the vessels, and 
that they were also very often thin-walled and somewhat variable. 

Group I1.—With the exception of hickory, the species in Group IT 
showed incomplete and variable penetrations in all of the cylinder 
treatments. The average absorptions obtained in these treatments 
were between 7 and 10 pounds per cubic foot in all of the species 
except silver maple, black willow, and largetooth aspen. In these 
three woods the absorptions were somewhat higher, but in the indt- 
vidual specimens they were extremely variable and the penetrations 
were very irregular on account of the uneven distribution of gummy 
substances in the maple and tyleses in the other two species. In all 
of the species of this group the average longitudinal penetrations 
obtained in the penetrance tests were between 4 and 8 inches. 

Tyloses were present in all the species in this group except the 
two maples, but with few exceptions they did not completely close 
the vessels. Hickory was one of the few cases In which it was 
possible to obtain a fairly good penetration, although the pores were 
completely blocked with tyloses. In this species the treatment took 
place through the wood presenchyma, which was quite permeable. 

Group I1I—The average absorptions in the cylinder experiments 
were less than 6 pounds per cubic foot, and the average longitudinal 
penetrations obtained in the penetrance tests were less than 24 inches 
in all of the species classed in Group III. In most of these species 
the vessels were, as a rule, completely closed by an abundant growth 
of tyloses, which effectively retarded the entrance of creosote. The 
wood prosenchyma of these species was also very difficult to treat, 
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possibly because of the presence of infiltrated substances. The 
medullary rays were practically unpenetrated. Heartwood speci- 
mens treated in the cylinder rarely showed any more than a very 
slight end penetration. 


RELATION OF GROUPING TO COMMERCIAL TREATMENT. 


The form in which a timber is treated determines to a large extent 
the relative importance of securing a penetration in the sapwood or 
in the heartwood. Penetration of the sapwood is of principal im- 
portance in the treatment of material in round forms, such as posts 
and telephone poles, as in this case it is the sapwood that is exposed 
to the attack of fungi. Although tests could not be made on sap- 
wood from each of the species used, the sapwood of practically all 
of these wocds is knewn to be fairly easy to penetrate in both longi- 
tudinal and radial directions. Even those species which were most 
difficult to penetrate in the heartwood took treatment comparatively 
well in the sapwood. 

In the treatment of sawed or split ‘ees. Which generally have 
little or no sapwood, the penetration of the See becomes of 
chief importance. ‘The results of the experiments indicate that woods 
in Group I are well adapted for treatment in dimension form, since 
the heartwood as well as the sapwood of the species was penetrated 
with comparative ease. Where radial penetration of the heartwood 
is of special importance, as in the opens treatment of split tim- 
bers for fence posts, particular attention should be given to the ease 
or difficulty with which the wood prosenchyma can be penetrated. 

The hear oy wood of some of the woods in Group II would probably 
be somewhat difficult to penetrate thoroughly and evenly in pressure 
LESS This dificulty would be more apparent in the timbers 
of larger size, such as railroad ties, mine timbers, etc. With one or 
two Sages hickory, for seme © radial penetration was small in 
species cf this group. The heartwood of the species given in Group 
TIT would appear to be difficult to treat. Specimens of this group 
treated in the penetrance apparatus and in the cylinder showed no 
appreciable radial penetration, and only a slight longitudinal pene- 
tration at the ends. 


CONCLUSIONS. 


There are several very important factors other than the wood struc- 
ture which, in commercial work, infiuence the absorption and pene- 
tration of preservative. Some of these are the natural variability of 
the wood, even in the same species, the moisture content when treated, 
the method of seasoning and treatment adopted, and the character 
of the preservative used. In order to study the true effects of the 
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various elements of woed structure on the penetration of creosote, it 
was necessary, so far as possible, to eliminate these other factors. 
The following conclusions, which are based only on structural con- 
siderations, should not be applied to commercial practice, such as the 
grouping of timber for treatment,’ without considering the other 
factors that are involved. 

1. The most important of the structural factors affecting the pene- 
tration of the hardwoods is the condition of the vessels in the wood. 
When the vessels are open, it is comparatively easy to secure a good 
penetration. If the vessels are closed by tyloses or gummy substances, 
they are usually rendered more or less impermeable to creosote. 

2. Next in importance is the ability of the wood prosenchyma 
(fibers, etc.) to absorb creosote. In some species having numerous 
and well-developed tyloses in the pores (hickory, for example), it 
was found possible to obtain a deep penetration on account of the 
comparative ease-with which the wood prosenchyma could be treated. 
The penetrability of this part of the wood structure is therefore of 
great importance in species having the vessels closed by tyloses or 
other material. The wood prosenchyma in the sapwood took treat- 
ment much more easily than that in the heartwood, probably because 
the heartwood contained infiltrating substances in the cell walls 
which: tended to make the wood substance less permeable. Woods 
which were penetrated in both the vessels and wood prosenchyma 
generally showed the heavier absorption and deeper penetration. 
Those species which took very irregular absorptions in the cylinder 
tests were found to possess unusual structural characteristics, such as 
an irregular distribution of tyloses, interlaced fibers, or cross-grained 
structure. 

The experiments indicate that even in species of very similar 
structure the manner of taking treatment may vary widely. This is 
illustrated in the treatment of hickory and white oak. Both of these 
woods are ring-porous and the vessels are closed by abundant tyloses. 
Hickery, however, took a fairly good treatment, whereas white oak 
was practically impermeable. The variation in the permeability of 
red heart and white heart beech is also an example of the different 
manner in which woods of similar structure may take treatment. 

8. Penetration and absorption of the preservative is much less 
uniform in woods of the diffuse-porous group than in the ring- 
porous, probably because the tyloses in the vessels, and the gums and 
infiltrating substances are less uniformly distributed in diffuse-porous 


“woods. In most of the species treated little or no penetration of 


the preservative occurred in the medullary rays and other paren- 
chyma cells. 
1Some of the other factors affecting the treatment of wood are taken up in Forest 
Service Bulletin 118, “ Prolonging the Life of Crossties.”’ 
11961°—18—Bull. 666 3 


APPENDIX. 


CHARACTERISTICS OF THE VARIOUS SPECIES AND RESULTS OF TREATMENT. 

Ash, green (Fraxinus lanceolata)—heartwood.—Thin- walled 
tyloses were present in both sapwood and heartwood of green ash. 
Very little difficulty was experienced in obtaining a fairly good 
penetration in both the penetrance and cylinder treatments. Com- 
plete penetration resulted in the cylinder treatments when pressures 


of 75 pounds or more were employed. The wood prosenchyma was 


penetrated, and also the vessels and tyloses to some extent. 

Ash, white (Fraxinus americana)—heartwood—Thin- walled 

yloses are scattered through both sapwood and heartwood of white 

ash. The wood took treatment fairly easily, good penetrations being 
obtained both in the penetrance and impregnation tests. Both the 
vessels containing tyloses and the wood prosenchyma were penetrated 
to some extent. Creosote was found distributed chiefly throughout 
the wood prosenchyma. Although this species has numerous tyloses, 
they are thin-walled. In all probability many of the vessels are not 
entirely closed by them, which allows the creosote to enter the pores 
and give fairly good penetrations. 

Aspen, largetooth (Populus grandidentata)—heartwood.—Large- 
tooth aspen is a close-grained, diffuse-porous wood with small pores. 
Both heartwood and sapwood contain scattered tyloses. Specimens 
treated in both the penetrance apparatus and in the cylinder showed 
quite variable penetrations. In all tests the penetrations were largely 
in streaks and in most cases entered the wood but a short distance. 
Some of the specimens were fairly well treated throughout their 
volume and others were only slightly penetrated. This variable 
penetration was very likely due to an unequal distribution of tyloses 
throughout the specimens, for the tyloses were found to be more 
numerous in the untreated portions. The preservative was found 
mainly in the vessels of the wood and to some extent in the 
prosenchyma. : 

Basswood (Tilia americana)—heartwood.—Basswood contains no 
tyloses in either the heartwood or sapwood. The specimens were 
easily treated in the penetrance apparatus and in the cylinder. Both 
the vessels and wood prosenchyma were quite thoroughly penetrated. 
Good penetrations were secured in the cylinder treatments, even at 
low pressures. 

Beech, white-heart (Fagus atropunicea) —Tyloses are rarely found 
in either the heartwood or sapwood of white-heart beech. Creosote 
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1In some cases general remarks on the characteristics of the species were supplemented 
from the descriptions given in Snow's ‘‘ Principal Species of Woods.” 
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Fic. 4.—Absorption in the heartwood of white ash and green ash. 
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penetrated the wood very readily both in the penetrance and cylinder 

treatments. The penetrance was especially uniform in this species 

and the oil apparently reached all parts of the wood structure. 
Beech, red-heart (Fagus atropunicea) —Red-heart beech contains 


numerous tyloses in the heartwood and few in the sapwood. This - 


wood was found to be very difficult to penetrate. Specimens treated 
in the cylinder showed only a very limited end penetration. A very 
small amount of creosote was found in the vessels and little or none 
in the wood prosenchyma. The difficulty of penetration seems to 
have been caused by the abundant tyloses found in the pores of the 
wood and by the infiltrating substances in the fiber walls of the “red 
heart” portion, which apparently prevented penetration in these 
elements. : 

Birch, sweet (Betula lenta)—heartwood.—The fibers in sweet 
birch are thick-walled, and gummy substances are frequently found 
in the wood. Tyloses are not found in either sapwood or heartwood. 
Specimens treated in the cylinder were well penetrated even at low 
pressures. Penetration was found to be well distributed throughout 
the wood structure. The wood prosenchyma was fairly well pene- 
trated, but creosote was present to a greater extent in the vessels. 

Birch, yellow (Betula lutea)—heartwood.—Yellow birch contains 
no tyloses in either sapwood or heartwood. The pores were very 
easily penetrated in all of the tests. In the penetrance tests the pre- 
servative penetrated to the ends of the sticks almost immediately 
after pressure was apphed. In the cylinder treatments the vessels 
were easily penetrated when the wood was merely immersed in the 
preservative for an hour. When pressure was apphed both the ves- 
sels and wood prosenchyma were thoroughly treated. 

Birch, red (Betula nigra)—heartwood.—The pores in red birch are 
somewhat larger than those in sweet birch. The wood fibers are 
fairly thin-walled and there are no tyloses in sapwood or heartwood. 
As in yellow birch, the vessels were rather easily penetrated at low 
pressures. At pressures of 50 pounds or more both the vessels and 
wood prosenchyma were well penetrated. | 

Cherry, wild red (Prunus pennsylvanica)—heartwood.—W ld red 
cherry does not contain tyloses. The wood was treated very easily 
and was found to be fairly well penetrated when merely immersed 
in the preservative for an hour. Penetration was complete in prac- 
tically all of the treatments made. 

Chestnut (Castanea dentata)—heartwood.—The pores in chestnut 
are numerous and are more or less filled with tyloses in both sapwood 
and heartwood. This species was very difficult to penetrate both in 
the penetrance apparatus and in the cylinder. Specimens treated in 
the cylinder showed very little radial or tangential penetration. The 
tyloses appeared to close the vessels, so that only a very limited pene- 
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Frc. 6.—Absorption in the heartwood of hickory and white-heart beech. 
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Fic. 7.—Absorption in the heartwood of red gum and red-heart beech and the sapwood of 
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tration could be obtained at any of the pressures used. Creosote was 
found chiefly in the vessels and very little in the wood prosenchyma 
or medullary rays. 

Elm, rock (Ulmus racemosa) —heartwood. —Roek elm is a ring- 
porous wood with interlaced fibers. Tyloses were generally few and 
scattered in the specimens treated. AIl of the specimens tested in 
both the penetrance apparatus and in the cylinder showed erratic 
penetrations. In most cases penetration took place im streaks, some 
of the wood being well penetrated and other parts entirely untouched. 
Specimens treated in the cylinder at the lower pressures showed a 
better absor ption and penetration than specimens treated at the 
higher pressures. This may have been due to an irregular distribu- 
tion of tyloses in the specimens. The difficulty with which this wood 
takes treatment seems to indicate that the interlaced condition of 
the wooed fibers may vary throughout the stick, thereby causing 
irregular penetrations. Most of the preservative was found to be in 
the vessels. There was very slight penetration in the weod prosen- 
chyma and medullary rays. 

Elm, slippery (Uimus pubescens) —heartwood.—tThere are practi- 


cally no tyloses present in either sapwood or heartwood of slippery 


elm. On account of the open condition of the large and numerous 


pores, 1t was not possible to make any tests in the penetrance ap- 
-paratus. The creosote penetrated the wood largely through the ves- 
sels, but also to some extent in the wood prosenchyma. Good pene- 
_ trations were easily secured on account of the large open pores. 


Elm, white (Ulmus americana)—heartwood.—Tyloses were few 


-and seattered in the specimens of white elm tested, and the penetra- 


tion was chiefly in the vessels. The medullary rays and wood. pro- 


.senchyma had only a slight penetration. Specimens treated in the 


cylinder showed good penetrations with most of the pressures em- 


'ployed. Fairly good penetrations were also secured im the pene- 
‘trance apparatus. 


Gum, red (Liquidambar styraciflua)—heartwood and sapwood. 
Red gum is rather heavy, moderately hard, and cross-grained. The 


fibers generally have thick walls and are arranged in definite radial 


rows. The species is diffuse-porous with pores numerous and uni- 


formly distributed. Tyloses are usually present and seattered in 
both heartwood and sapwood. Infiltrating substances are present to 
a large extent in the cell walls. It was difficult to’ secure an appreci- 


able penetration of the heartwood in any of the treatments. Speci- 


mens treated in the cylinder showed practically no radial or tangen- 
tial penetration. ‘The difficulty in treating this wood was very hkely 
due in a large degree to the infiltrating substances m the cell walls, 
as well as tyloses, which prevented the preservative from entering the 
vessels in which they were well developed. The cross-grained struc- 
ture and thick walls of the fibers may also have been factors influenc- 
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Fic. 8.—Absorption in the heartwood of red birch and sweet birch. 
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Fig. 9.—Absorption in the heartwood of yellow birch and basswood. 
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ing the absorption and penetration to some extent. The sapwood 
was very easily treated even at low pressures. 

Gum, tupelo (Nyssa, sp.)—heartwood and sapwood—tin tupelo 
gum the pores are numerous, of medium size, and usually evenly dis- 
tributed. No tyloses were found in the species treated. On account 
of the numerous vessels and penetrable structure of the fiber walls, 
good penetrations were obtained. Both the heartwood and sapwood 
treated very easily even at low pressure. Sapwood specimens were 
well penetrated when immersed for an hour in the preservative with- 
cut pressure. : . 

Hackberry (Celtis occidentalis)—heartwood and sapwood.— 
Tyloses occurred irregularly in both heartwood and sapwood : of 
_hackberry. ‘The penetration occurred mainly in the vessels and wood 
prosenchyma and to a small extent in the medullary rays. The 
sapwood was fairly easily penetrated even at low pressures, par- 
ticulariy in the summerwood. With the higher pressures used in 
the cylinder treatments, both springwood and summerwood were well 
penetrated. The heartwood showed an irregular penetration in all 
of the cylinder treatments, due, in part, to the abundant tyloses in 
the vessels of the untreated portions. The springwood was found 
to be much more difficult to treat than the summerwood because’ 
many well developed tyloses closed the large springwood vessels. 

Hickory, mockernut. (Hicoria alba)—heartwood.—Hickory is a 
ring-porous wood, in which the fbers are relatively thick-walled and 
tyloses are generally abundant in both sapwood and heartwood. All 
the specimens showed a fairly uniform penetration, and those treated 
in the cylinder were well penetrated when pressures of 50 pounds 
or more were employed. Creosote was found to have penetrated 
mainly in the wood prosenchyma, and there was little or no pene- 
tration in the vessels or in the medullary rays. It is probable that 
the abundance of tyloses in the vessels effectively closed them against 
the entrance of the preservative. Penetration in this species would, 
therefore, seem to be dependent on the ease with which the wood 
prosenchyma can be treated. In even the most thoroughly penetrated 
specimens the tyloses remain uncolored, indicating that in this wood 
these growths were practically impermeable to creosote. 

Maple, silver (Acer saccharinum)—heartwood and sapwood.—sil- 
ver maple is a diffuse-porous wood. No tyloses were present in the 
specimens treated. Both the sapwood and heartwood were found to 
be fairly easy to treat, but more variation in penetration was found 
in the heartwood specimens. At low pressures the heartwood showed 
a mottled or streaked appearance, probably due to the presence of 
gums. A good penetration was secured in the sapwood at pressures 
over 25 pounds per square inch. Penetration took place mainly in 
the vessels and wood prosenchyma and was very slight in the 
medullary rays. 
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Maple, sugar (Acer saccharum)—heartwood—Sugar maple is a 
diffuse-porous wood. In the specimens tested tyloses were not pres- 
ent in either sapwood or heartwood, but gums and infiltrating sub- 
stances were present. The specimens showed a more or less variable 
penetration. In the cylinder treatments some of the pieces were well 
penetrated and others were penetrated but a short distance or in 
streaks. Creosote penetrated chiefly in the wood prosenchyma, 
although it was also present to some extent in the vessels. The pres- 
ence of gums seems to be responsible for the eek e penetrations 
secured in the tests. 

Oak, bur (Quercus macrocarpa).—Tyloses are numerous in both 
sapwood and heartwood of bur oak. The effect of tyloses on pene- 
tration is very marked in this species, and it was found to be almost 
impossible to penetrate the heartwood to an appreciable extent. 
Very little creosote was found in the vessels, which seemed to be 
effectively blocked by tyloses. Two or three of the specimens treated 
in the cylinder showed a fairly good penetration in part of the wood. 
The distinct demarcation of the treated and untreated areas seemed 
to indicate that the wood which was penetrated might have been sap- 
wood not clearly distinguishable before treatment. The medullary 
rays were practically untreated in all of the tests. 

Oak, chestnut (Quercus prinus)—heartwood.—The structure of 
chestnut oak is very similar to that of red oak, being ring-perous and 
generally without tyloses, although botanically chestnut oak is 
classed as a white oak. Penetrance tests could not be made on this 
species on account of the open condition of the vessels. Penetration 
took place mainiy in the vessels or pores. The cell wails were prac- 
tically unpenetrated by the preservative. Railroads have frequently 
classed this species with the white oaks and installed chestnut oak 
ties in the track without treatment. Since the wooed takes treatment 
easily and the pores generally are without tyloses, chestnut oak ties 
should evidently be treated with a preservative. 

Oak, red (Quercus rubra)—heartwood.—There are practically no 
tyloses in the vessels of red oak. On account of the very porous ccn- 
dition of the wood, penetrance tests could not be made. Specimens 
treated in the cylinder were penetrated largely in the vessels, but very 
little in the heartwood prosenchyma. The sapwood prosenchyma, 
however, is known to take treatment very easily. 

Oak, white (Quercus alba)—heartwood.—tThe pores in both sap- 
wood and heartwood of white oak are filled with tyloses. These 
tyloses and the character of the wood prosenchyma were an important 
factor in making it difficult to secure more than a very slight pene- 
tration in the specimens tested. Very little creosote was found in 
either the vessels or wood prosenchyma. The tyloses were found to 
be unpenetrated even in those portions of the wood which had been 
_, treated. 
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hackberry. 


28. BULLETIN 606, U. S. DEPARTMENT OF AGRICULTURE. 


Sycamore (Platanus occidentalis) —Tyloses occurred scatteringly 
in the specimens of sycamore treated. Penetration was found to take 
place mainly through the vessels. Very little creosote was found in 
the wood prosenchyma or parenchyma. The wood was difficult to 
treat in either the penetrance apparatus or in the cylinder. Complete 
penetrations in the impregnation tests were not obtained, even at 
pressures of from 125 to 150 pounds per square inch. The difficulty 
in treating this species seems to be due largely to the tylo=es and to 
the cross-grained structure of the wood. 

Willow, black (Salix nigra) —heartwood.—Knots in the wood made 
it difficult to get good clear specimens of willow. Specimens treated 
in the cylinder showed fairly good penetrations for most of the pres- 
sures used. Tyloses are Metre: | in both sapwood and heartwood. 
The tyloses in the vessels did not prevent penetration. Creosote was 
found to be present to a considerable extent in both the vessels and 
the wood prosenchyma. 


TABLE 2.—Species in the order of amount of absorption, and comparative longi- 
tudinal and radial penetration. 


Penetrance tests. 


Average 
e: Impre : | Average EY. 
Species. Chae of ation. Sues Time required lone Average | weight 
radial per 
tests. | oftreat- | to penetrate | tudinal | | ott | te 
Sa 24 inches. penetra- | P aan we ee ee 
| . tion. | : 4000. 
| l 
Lbs. per | 
| cu.ft. | Minutes.! Minutes. | Inches. Inches. | Pounds. 
1. Red gum......- Heartwood.. 2. 03 : (VE Bee Toprs gs hee 1.35 0. 09 | 38.8 
oS Wihite oak = Sl ae C0. 3. 40 OT ee ee ee ee 2.32 . 08 45.3 
3. Red-heart beech.).---- Oy 2s 5. 39 (On| cd APR ee ee . 50 05 40.8 
Zi AAO e icsecatasssl bocce Gon eee 5.57 Olea 2 ij Shoat . 61 05 40.8 
5. Rock elm....-.-- ease dO eee 7.18 LONE 2 tose eee 7. 66 etch 38.6 
6) Chestumt=.-2 lsoeee doreeeeece 7.32 (OM Seca ce pee ee 4. 00 .18 5. 4 
Ta OVCAMOLGs Soe bla oe dO eae scceu 8. 48 {UN Peet se Bie ge 4.17 23 35.0 
; ackbernyaosa- = [esate dost 2 ees 8. 54 (Te RE SIE Bae ES 10. $3 33 38.2 
9. Hickory, mock- |..... der caesne 9. 86 COs ae ra 2 ene 6. 06 38 52.3 
ermmut. | 
10. Sugar maple....!..... dou sence 10. 09 7 he ee ee Os Se 2B | aos . 20 43.7 
11. Hackberry--.!-- | Sapwood...-.-- 11. 61 P(g tos ee reece i 8.16 45 35.8 
12-Chestnut oak 2-@| Heart woodce-)iaaesie 10s ee elas eee ere | nue tesca Sy res [eek ee 47.8 
13. Red oak2....... aes dos ae [eerste REM Ibe StS Se Ae cline ord Sean tht et aie b= Sees 39.7 
14. ye heart |..... dol oie 14.92 (Us Ra a gene yet Al [t /aghad 24 | 43.0 
beec ; 
15. Yellow birch... -|..... GO: nae 15. 20 70 ; Immediately. | 10. 39 .30 44.3 
16. Red birch......_ sto Lane 15. 46 70 | 25 t035..-..... 8.36 27 | 39.2 
feel ackawiallowac.. [22-20 One eo 16. 24 CAT RES = ho ee 4. 87 (3) 29.0 
ig. Larget ooth|..... doiceiees 16. 28 TON aa 6.23 25 | 27.8 
aspen. | 
19. White elm...... Ieee do. see 16. 29 7 Joore semen st ce! 8. 84 -43 | 34. 2 
POG ree ash. 2. Spee doses EZ 70 | Immediately. . 10. 61 -45 | 38.3 
Die uppery elm 2. =)2<222do2 222.2 2 Sea) RAR A ooab Ese Se Ea emere rene [ee Eee papas He 27.3 
22. Silver maple....!....- done 17.97 TA Nel 5 oe a ra 3aD2 . 30 36.0 
DS oweeb DIrch-.2. 1... .2 G0- so terre 18. 20 7 (4) 3. 85 - 30 46.9 
2A. Red. gum... 2% Sapwood.....- 18. 33 £( D4 Re De ee SER ae | 12. 96 .33 36.7 
25. Windibe aS... <2 Heartwood... 18. 83 ON AULONEs ae! 5 8.16 - 46 34.3 
26. Silver maple....| Sapwood...... 19. 78 70 | 30 to 60...._.-- Bi t7 (3) 32.8 
27. Basswood......- Heartwood.... 20. 36 dOM ig LORN 2: +e eee 12.11 .30 31.0 
2Se ME pelO PUM = 2526}. 4200s ook o 20. $0 MON 20 ees ae eed 9.91 (3) 34.8 
29. Wild red cherry |....- oes = ot 25. 09 OAS pee, See eg 10. 72 (3) 23.7 
30. Tupelo gum.... Sapwood....... 25. 21 AD 22GOI25-- 2-25 12.33 (8) 33.5 


1 The absorption tests were made in the treating cylinder and in most cases better penetrations were 
obtained in the species which took the higher absorptions. The pressures and times used im these-tests 
are not comparable to commercial conditions. 

* Not treated in the penetrance apparatus on account of the open condition of the pores. A gocd pene- 
tration was secured in tests made in the treating cylinder. 

3Complete. Since the radial penetration of tupelo gum, wild red cherry, black willow, and silver maple 
was complete the relative order of those species is not important. 

4 Specimens were not straight grained, and oil passed out at the side. 
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Fic. 14.— Absorption in the heartwood of sugar maple and silver maple and the sapwood 
of silver maple. 
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Fig. 15.—Absorption in the heartwood of white oak and bur oak. 
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TaBLeE 3.—Results of penetrance tests on individual pieces. 


ROCK ELM—HEARTWOOD. 


Time required 
to penetrate Penetrations. 
Poe Oven 24 inches.1 : 
aD dry ; 
: Mois- | BUM | weight Timeol}- . a 
Piece No. ture. et et per eed Aver- Radial. | Tangential. 
“e cubic ae i age 
Hea feet. First | Second lon- 
; end. | end. | situ. | Aver- | Maxi- | Aver- | Maxi- 4) 
dinal. | age. | mum./ age. | mum. | 
Pernice. Pounds.| Hours.| Min. Min. | Inches. | Inches. | Inches. | Inches. | Inches. | 
AS stevens 6.1 14 38. 40 4 2 3 5. 83 0.20 0.30 0.25 0.30. 
AD AE Speen keri 2.0 16 | 37.20 1 4 1 11.65 40 -50 30 - 60 
BY Ee pe ei nee eet 14 39. 80 2 2 5 5.90 40 - 50 40 
seyorazes| ott rcls. Ssete Be oo Be arrrenieceoce | sparse sa 7:66 | .38 | . 43 32 
| | 
RED BIRCH—HEARTWOOD 
74 We | i 
fl ae 72 12.0 | 18 | 39.60 rl eae ae ee 3 3.50| 0.30| 0.35| 0.30 
DE SaaS aes 9.7 14 | 39.30 1 Boul csersierae ote 8.17 «20 . 380 | .20 
Bape pe: 6.5 | 13 | "38:50 2 | DB eectee oe | Brash) © 225 3357] a7 
Average.|........ Kee Ree: | mer: poe eee Pasnev | oy 3 a 
8 | } | \ 
SWEET BIRCH 2—HEARTWOOD. 
iy Oe gee eee ee | 20 47.10 | 4 | ni ge tao I RY 4.17] 0.30.) 0.35 | +0.25 
LSU As ae oe eee 21} 47.12 | 1 i (8 ea a Uae a eh 3.83 . 40 50 | . 40 
BA cho Oey eli ae GO Re eames Ce) Oe PE | | 3.56 25.) 25 | 25 
Mere eaten [ameey LoS. ase cee ee | 3285 | 32 | 137) ono | 
| 


| | 
4 | | 


| | ! 


1 These periods are not comparable to those obtained in commercial treating plants. 
_ 2 Specimens were crooked grain. Oil passed out at side instead of following ‘to end, as it would have done 
in straight-grained wood. 
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TABLE 3.—Results of penetrance tests on individual pieces—Continued. 


CHESTNUT—HEARTWOOD. 
Time required 
to penetrate Penetrations. 
Aver") Oven 24 inches. 
age dry TY f 
: Mois- | 2U™ | weight | (ime? 
Piece No. ture. at per tapes Aver- Radial. Tangential. 
per Ce First |Second| 28° 
inch. : end. | end, | Jon- 
5 2 gitu- | Aver- | Maxi- | Aver- | Maxi- 
dinal age. | mum age mum 
Per et \Pounds. Hours. | Min. | Min. | Inches. | Inches, | Inehes. | Inches. | Inches. 
(OE Segoe ie Eee eee 12 | 24.00 es deel es oe eae | 2:06) 0:15 | 0.20|" 0.20 0.20 
(Tbe oposetsee 6.2 13} 28.80 | | RG eee ae sae | odd .20 . 30 - 20 30 
GPa ee 6.0 13 | 26.85 | ON ee. ale ce oa | 3.89] .20 25 | 15 "90 
PNcqenamadieek) elt Gente ee aS erp ans eerste Lee Coane PERO): eee elie Cok ae Bic 23 
| 
WHITE ASH—HEARTWOOD. 
Bris t N 5.0 | 20 | 35.50 4 7 7| 4.81) 0.35| 0:50! 0.25 0.39 
Bn inf = on a 16 | 34.7 1 1S Ie Bie Ae 8.84 BOs |e 360 50 60 
GB. Se sees 10.6 19 32.85 Athi Sere Reese | Aeio Sane 10. 83 -02 | . 60 .45 50 
| | — | ——_——_—_- —. 
Acveraron eer ats) ae PERE ROMS ee eth aoe her ieee 8.16 | 46:|..57 |. 240 7 
| | | 
HICKORY—HEARTWOOD. 
2 ees oe 2.9 4} 51.60 AGS Geen SA nme 4.50 0. 25 0.30 0.30° 0.40 
Be: Ne Nae 5 | 52.50 Ee Eee ee ed a 4.83 . 30 0s) 99225 -30 
T=: Sa ee eee 4} 52.20 2 | saonanca|isoscosse 8. 84 | . 60 | BY) . 60 .70 
AVOT ARES eee eer [=== [seoeaane | seceeee | wee eeeeeleeeee eee 6.06 | 38 | 48 | . 38 47 
YELLOW BIRCH—HEARTWOOD. 
DOH ees 2.4 12 | 46.00 i | Immediately. 8.17 0. 30 0.30 0. 35 0. 40 
SR ees eel apne ee 14 | 44.50 1 Do. 10. 83 30 35 . 30 .40 
Se aS ee 7.0 16 | 42.30 2 Do. 12.16 | ~25 | . 30 | 30 45 
Average. -2--ses.)esseeees [rorettefesettees eceeeeeeeeeee en 130) 28) | ase | 8 | 42 
SILVER MAPLE—HEARTWOOD. 
| | | 
08 Ses Seow (Soa See | 12| 36.24 Uiiseoeaens loocoonce 3.50 0. 20 0. 30 0.30 0. 40 
Sy Ceol ae nepverte | 13 | 35.70 WB |e ae ae aria sie oe 3.56 . 30 .40 40 60 
pat se eee | Ba bee 5.29) | ae ore eee aero ae 3.50 40/ .50|  .40 . 60 
Average.|......-- eee BCE es Seer one peer 3.52 | 30 | 40 | 37 | 53 
| | | 
SILVER MAPLE—SAPWOOD. 
Berita oh oe. 10 | 32. 40 | aie ee ali Aa 7.17| Complete.....- PE res 
eT loeeee are eres 10 | 33.17 1 SOc ee 1484 G|ee eee does [te Gene Keans 
SORE enee tee (rl eee a 2 | GO| see: BESO ees Coma eee bysiueee ieee 7 
PASMGR Ay Om errs oe) a5 | ssehoewe | Se Bene | ssoasdcollscesceaullepedaoce IIS I adosacee | Speedos | Saoe Sate | Seessea 
BASSWOOD—HEARTWOOD. 
| | i Se 
BOR es a aati: 22 | 30.30 | 3 | ee ae 7.00} 0.30} 10.45] 0.30 0.50 
CN arekaete es 1203 20 | 29.60 | 1 12) | 12; 14.84 . 20 . 20 25 . 30 
Mae hae ts co | 1S eiSts00s| 7 72 i | 7 | 14.50 45 50 40 40 
Average.|.......- pees | oe | se peer cree ebesss 12.1 | 32 | 38 | 32 | 40 
{ | i 


1 Complete radial penetration was at least taree-fourthsinch. Where part of specimens showed complete 
radial penetration they were not inckided in the average. 
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TaBlLe 3.—fesults of penetrance tests on individual pieces—Continued. 
SYCAMORE—HEARTWOOD. 
Time required 
to penetrate Penetrations. 
ANSE, Oncr 24 inches. 
5 dry T% 
Mois- | PUM | weight | [ime of 
Piece No. tire: pene per Uae hoa Radial. Tangential. 
cubic M age 
per feet First | Second 
inch . end. end lon- 
: ; gitu- | Aver- | Maxi- | Aver- | Maxi- 
dinal age mum age mum 
Per ct. ; Pounds.| Hours.| Min. Min. | Inches. | Inches. ; Inches. | Inches. | Inches. 
COT Rice <i 5.2 32 | 35.60 Be secon Ls gee a 3.83) 20. 20) | 220: 30u|. 520: 20 0.30 
AS Seat eens 0.1 32 | 34.40 IES | oe ee | as Keeean 2.94 . 30 . 40 .30 30 2 
iM ns are 1.0 30 | 35.50 Deals Saline bees 5.75 . 20 .30 . 20 30 
PALVCLALC s|\5- 1s\c ete | RoSHUAHallpoobscccllsooddaad|egoncdcs|ececoce= 4.17 23 | 33 528 30 
| 
LARGETOOTH ASPEN—HEARTWOOD. 
Ace See ORS Spe | Sf a mats 27.63 8 eee ae | Hula 5.21 | 0.30 | 0.40] 0.50 0. 70 
AG) sar ee OPA ol HG ae 2715 1 ee ae 11°88 (Complete! <a.) | bes easels aes 
LY aaa as eae DRO al aera 28. 40 eh meee 4 eee eae ae 1.64 $200) Sox 130 25 40 
cA voragee |o vte aie eee Bae Nieto ie eee [Senne 6.23 | P25h lees | .38 155 
| 
WHITE ELM—HEARTWOOD. 
Wee 198 16 | 29.58 aN aad Alea ues Se Oe50i | 100s | 0460 0.7 
Dees 10.5 13 | 30.61 dL g)|- een cova Be 4.17 . 40 . 50 50 . 60 
SS ee cals 4.8 TWARe Si) ak Cha al Se ne aad 14.18 . 40 . 60 60 . 60 
Average.|....-.-- poms ela ees ee 8. 84 | Age L260 | 57 63 
GREEN ASH—HEARTWOOD. 
eae ae 11.2| 12] 39.30 1 | mmediately-.| 8:84 | “p40 sosasiianan le yeoeeg 
1Oe2.. bes 11.0 | 14| 36.50 iol eee done N50) | So 9550 . 60 . 59 . 60 
Td beer are ase 9) 13 |} 40.10 Dial ase dOseaseese 13. 50 | Complete tensa |saseeee le emis eee 
Average.|....---- | He eel su | pier BepeGn | os eae as aaa te | 10. 61 45 | 52 45 55 
HACKBERRY—HEARTWOOD. 
eyes oe melee na ats 8 | 36.70 cee i | ate cee | 6.16; 0.30] 0.40] 0.40 0.50 
(ibe can ell eae 10 | 36.30 lige he SORES, |neeeeeee 14. 84 . 40 . 50 . 40 . 50 
ee eS 10 | 41.70 Piet se eee ee 112150) 5307 eae ered 40 
Average, eee ge | eee eee eee dual mie eee bee 10. 83 «33 | . 43 | 37 | 47 9 
HACKBERRY—SAPWOOD. 
| | 
15. 1.5 8| 35.20 i Ne eg PS 6. 16 | 0. 50 | 0.70} 0.60| 0.70 
it ea 6.0 10 | 36.40 2 TIE RS a 10. 16 | . 40 | 50 . 40 | . 50 
Avverage_|.....-.- ore ees fecal Ss eats 8. 16 | Remain | .50| .60 
BUR OAK—HEARTWOOD. ; 
18. : 8.3 15 | 40.70 pea ae | i ve 0.83 | 0.05 0.05 | ae ete 
ii pai RE 3 15 | 41.56 1° See [eee Beck . 50 05 S05-|5. 5. =i claeeee 
20 J 158} 1O9|) 4110 Di te eae : oe oe . 50 05 SO5zl) 3s gases Reooeeee 
| = 
ae .61 Ob nie eet eerie Oe 


Average. Nera yeren: oa eerie once Fee. Roe 2 ead 


| 


05 | 


1 Complete radial penetration was at least three-fourths inch. 


I Where parts of specimens showed Com- — 
plete radial penetration they were not included in the average. : 
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TABLE 3.—Results of penetrance tests on individual pieces—Continued. 


TUPELO GUM—HEARTWOOD. 


Time required 


to penetrate Penetrations. 


is Oven 24 inches. 
¢ ry _ |Time of 
ae Mois- | 2U™. | weight | 4” 
Piece No. | ture. hee, of er oe Acre Radial Tangential. 
5 cubic ; i 
alee page Hust Second ia 
3 end. | end. | situ- | Aver- | Maxi- | Aver- | Maxi- 
dinal. | age. | mum age. | mum. 
Per ct Pounds.| Hours.| Min. | Min. | Inches. | Inches. | Inches. | Inches. | Inches. 
DUE SR Saas Gaeaaene 11 | 36.45 SS Epeeosas beoseaor 10. 83 | Complete 1...-- ee Sanco) Seheneer 
ed aS Sere 19.5 10 | 32.20 TEE ees Ses eee es oe SNOSE Es ata oc deecicsee [ne eee eee le eee eee 3 
DO ea ee eeieiarail erate kstcrstece 12 35. 07 2 205 | Saat eee LOSSS 5 eas sss a sees ae cine oejeietctere 
IAVCTABCHeceproce=| soon Honk poms cee leeanak bul gecebees leone shee OO hi Faroese eos oes Ses nea oe meas 
| | 
TUPELO GUM—SAPWOOD. 
2 eS aE 3.0 15 | 31.40 4 20 22 8.17 | Completel..... | a Semis | eeeisisiciee 
2S ae 0.5 14| 32.53 1 22 20) 16250) | eae dons [is Sars Jcocccoce 
| 
ENS Ha SET LS Rea ed HE [eae rae geo ocala TOSS3 "ea. cane  eeeraee (Sees | ences: 
: | | 
BLACK WILLOW—HEARTWOOD. 
Use ee neaGer 0. 6 4] 29.05 Syl ROO OrSS | Sea caes | 4, 83 0. 25 0.20 | 0.30 | 0. 40 
MDa ite 1.8 4| 29.09 Teg Ae Sere gel eeieree ae 6. 28 | Complete 1... .. Nese sees alee ae 
WO oer See 4| 28.62 Deel | aigeeee oaee aes Sr GO ecu One easeeee bee See | Pee oe8 
INSEE EIS en eo ge eee ae eee eR eel 4. 87 | Soma cen less oe Iheaee see Has dee 
| | 
SUGAR MAPLE—HEARTWOOD. 
eee eee 3.2 22) 43.75 Drills telacene | Scodoass 3. 83 ORS 0. 20 0. 20 | 0. 30 
tose ee 8.5 18 | 43.15 eae ocnna ce leeeesace 6. 84 =25 30 . 20 | oe 
PASVerages|Gasoaoes eee parolees | Bas cce | 5. 33 | 20 | 125 | . 20 | aot 
a WHITE OAK—HEARTWOOD. 
Uke eS aa ear eoee 16 | Beate oa ere cis Serer | 1. 50 0. 07 QRS Ieee eae | et es 
(hE ee eral Sa eee digle Soc Nem eek eel esses 2. 62 .07 Osos lege aeccterte 
Rage 8 coer AE eee 7a | eae ae amet e835] selOuy: Os lie. 12-82 cae 
Average. 1 ee Jae oe el eae ooo — — jp 232 | 08 | Qnty ees: ees as 
| 
RED GUM—HEARTWOOD. 
Qieeee et | 8.0 | cee 40. 12 ale cic oe = ie ee | 1.28] 0.07 | 0. 10 | 0. 10 0. 20 
Si Sree one eeaesowelecees sac 38. 63 PEs eae Re asa cenee 1. 50 5 ILS . 02 - 08 Sais 
Sages or ese 15.2 | Later 38. 32 PP line Seen aeeae 1. 28 S05r le ee 05 . 10 . 10 
Average.|....-.-- sees Boos eae feces Boe: | 13h) 500 | 12 09 | 15 
| 
RED GUM—SAPWOOD. 
Oy Ee eam eceael Samrmene 14 {| 38.58 Z 3 8 | 16.16 0.35 | ~ 0.40 0. 40 | 0. 50 
ies a eS acs 1.8 14 | 35.70 1 I Sale AONZIG Complete tes en secs lessees ee 
DO sscewesses | Sees ss 16 | 35.70 2 Pe 10 | 12.50 | . 30 . 50 - 40 | . 60 
Average.|........ 302 45 40 | 55 


12. 96 | 


Jesesese- prccsrefporerece|aceeeees]ececeee: 


1 Complete radial penetration was at least three-fourths inch. Where part of specimens showed com- 
plete radial penetration they were not included in the average. 
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TABLE 3.—Results of penetrance tests on individual pieces—Continued. 


WHITE HEART BEECH. 


| Time required 


to penetrate Penetrations. 
Aver- Oven 24 inches. 
age 
: z Ee ime of 
F z Mois- | DUM | weight aoe 
Piece No. | ture, mee = Be Aes Ae Radial. Tangential. 
oper st eares First {Second} 8° |——————_—_ 
inch. : end. | end, | 00° = 
: : gitu- | Aver- | Maxi- | Aver- | Maxi- 
| dinal. | age. | mum.| age. | mum. 
: 
Per ct. | Pounds. Hours.| Min. | Min. | Inches.| Inches. | Inches. | Inches. | Inches. 
862s eee 6.7 8 | 43.20 Ey \SbascaApe|eaosnence 14.8 0. 18 0. 25 0.2 0. 30 
Sireae coe 7.6 7 42. 80 1 | BSsoasce|leode st =c 18.1 - 30 . 40 - 30 - 40 
Soe een Bee be ee Sue eeee- | ae eee eee 23:25 12Camplete ts ie ee 
Average.|..282). |.) ss2s: | sk FT ian | 3. 5 he eid 18.8 24 32 | 25 35 
} | 
RED HEART BEECH 
{ 
Se es eae 9.0 | 17| 41.00 A cee [Saar 1 O58 ib OND |. = 0j05u| shee ene 
GOR rod 8.9 | 16 | 40.60 hg Bahan 28 Lees ee (yo a 05 AOS 38 Ses eee 
ae ene beeaseet His <A fos if Ses Sit ADL See aes | a ee 874) S05 > Es0ah| &.- a ene ee 
Average Fr tens | eee seee pore nese) sotesses peor: |-------- 50 - 05 05 | SS er 
| ] 
WILD RED CHERRY—HEARTWOOD 
| | | | | 
eee ta. Se 6 | 23.82 BB enone elibane Es oe | 8.487 aC onsplete 12222415. - ec Gee 
he eee | 350) 5 | 23.50 i | ae baron sae 12.8048. 2 3 MO c456 525 Bl ccs eae 
Ss eae [Eien Bilas 5 Hotes 2 rere | aes D8 | 11.50 ikeeds TSE RSE Neale ie Sr 
| | Jon ee ee | ae eee eee 
Average. ae ou al eae eee al SIE ee eee as Sa Doyle | 10.79, Sabre ta eae | ete SS 


1 Complete radial penetration was at least three-fourths inch. Where part of specimens showed com- 
plete radial penetration they were not included in the average. 
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Sept. 12, 1914, 


Do. 
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1914. 


Nov., 1913. 
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1915. 
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Nov., 1915. 
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Oct.-Dec. 1916 
Jan.-Mar. 1917 


Mar., 1916. 


Mar., 1917. 
Jan., 1917. 


